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(54) Silver metallization by damascene method 



(57) Silver interconnects (118) are formed by etch- 
ing deep grooves (114) into an insulating layer (112) 
over the contact regions, exposing portions of the con- 
tact regions and defining the interconnects. The grooves 
(114) are etched with a truncated V- or U-shape, wider 
at the top than at any other vertical location, and have 
a minimum width of 0.25 u_m or less. An optional adhe- 
sion layer and a barrier layer are sputtered onto surfaces 
of the groove, including the sidewalls, followed by sput- 
ter deposition of a seed layer. Where aluminum is em- 
ployed as the seed layer, a zincating process may then 
be optionally employed to promote adhesion of silver to 
the seed layer. The groove (114) is then filled with silver 
(116) by plating in a silver solution, or with silver and 
copper by plating in a copper solution followed by plating 



in a silver solution. The filled groove (114) which results 
does not exhibit voids ordinarily resulting from sputter 
deposition of metal into such narrow, deep grooves, al- 
though seams may be intermittently present in portions 
of the filled groove where metal plated from the oppos- 
ing sidewalls did not fuse flawlessly at the point of con- 
vergence. Portions of the silver (116) and other layers 
above the insulating material (112) are then removed by 
chemical-mechanical polishing, leaving a silver inter- 
connect (118) connected to the exposed portion of the 
contact region (110) and extending over adjacent insu- 
lating regions to another contact region or a bond pad. 
Silver interconnects (118) thus formed may have small- 
er cross -sect ions, and thus a greater density in a given 
area, than conventional metallic interconnects. 
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Description 

[0001] The present invention relates generally to the 
formation of integrated circuit interconnect structures, 
and more specifically to a technique for forming silver 
metal interconnects within integrated circuit devices. 
The technique is particularly adapted for use with very 
small device geometries. 

[0002] As device geometries within integrated circuits 
shrink, interconnects-conductive lines connecting de- 
vices to each other and to input and output pads-are 
becoming an obstacle to achieving greater device den- 
sities. In order to fit a larger number of devices on the 
same size die or on a smaller die, a larger number of 
interconnects must also be formed within a given area, 
and must continue to effectively conduct signals across 
relatively substantial distances on the die. Since inter- 
connects typically run parallel to each other on a given 
metallization level, either the interconnect size (width or 
cross-sectional area) or the distance between adjacent 
interconnects, or both, must be reduced to increase the 
number of interconnects which may fit on a fixed-size 
die for carrying signals between devices. Reducing an 
interconnects width or cross-sectional area increases 
the resistance of the interconnect, requiring larger volt- 
ages and/or currents to drive signals carried by the in- 
terconnects. Reducing the distance between adjacent 
interconnects creates a greater potential for capacitive 
coupling and signal errors. 

[0003] One approach to increasing the number of in- 
terconnects which may be formed in a given area in- 
volves utilizing lower resistivity metals. Interconnects 
are typically formed of aluminum, which has a resistivity 
of about 2.7 u^-cm. By utilizing lower resistivity metals, 
such as copper (1.7-1.8 (iQ-cm) or silver (1.2-1.5 ui> 
cm), interconnects with smaller widths and cross-sec- 
tional areas could be formed without increasing the total 
resistance of the interconnect. Thus, a larger number of 
interconnects could be formed within a given area with- 
out impacting performance. 

[0004] Unfortunately, some lower resistivity metals 
are incompatible with existing techniques for forming in- 
terconnects. A typical process for forming aluminum 
metal or aluminum alloy interconnects in accordance 
with the known art is depicted in Figures 5A through 5D. 
Current technology in metallization of integrated circuits 
involves forming an aluminum metal or alloy layer 502 
over substrate 504 including devices and device con- 
tacts 506 formed through one or more dielectric layers 
508, 510 over the devices, as depicted in Figure 5A. In 
the embodiment depicted, dielectric 508 is a conformal 
dielectric layer such as an undoped oxide formed by 
chemical vapor deposition, while dielectric 51 0 is a spin- 
on glass. Contacts 506 may be formed of various mate- 
rials such as tungsten or tungsten and polysilicon in the 
contact holes. 

[0005] Aluminum layer 502 is then patterned by form- 
ing a photoresist layer over alumtnum layer 502 and ex- 



posing and developing the photoresist to leave pat- 
terned resist lines 512, as illustrated in Figure SB. Alu- 
minum layer 502 is then plasma etched with resist lines 
51 2 in place to remove those portions of aluminum layer 

s 502 which are not protected by resist lines 51 2, leaving 
interconnects 514 as depicted in Figure SC. Intercon- 
nects 514 are shown in cross-section in Figure 5C, but 
may extend for substantial distances over the die to an- 
other contact or input/output pad (not shown). Photore- 

io sist lines 512 are then removed, and a dielectric layer 
516 is deposited in the gaps between interconnects 514 
and over interconnects 514 by plasma deposition and/ 
or by spin-on dielectrics, as illustrated in Figure 5D. Ad- 
ditional levels of metallization and vias are added, if nec- 

15 essary, by repeating the steps depicted. 

[0006] The methodology depicted above and the 
many variants known in the art suffer from the limitation 
that the metallization layer (aluminum 502 in the depict- 
ed example) must be etchable with the patterned pho- 

20 toresist in place. In effect, the metallization layer must 
be etchable at temperatures below approximately 
200° C. Above that temperature, conventional polymer 
photoresists begin breaking down. Plasma or reactive 
ion etching may be utilized to etch aluminum below that 

25 temperature since aluminum reacts with halogens, such 
as chlorine or fluorine ions, to form a halide which is suf- 
ficiently volatile to be removed at low temperatures. 
Combined with ion bombardment, this reaction allows 
aluminum to be anisotropically etched to form intercon- 

30 nects with vertical sidewalls. 

[0007] Metals having lower resistivities, such as cop- 
per or silver, do not form sufficiently volatile compounds 
at temperatures low enough to prevent photoresists 
from breaking down. Alternative etch processes, such 

35 as wet etching, generally produce unsatisfactory re- 
sults, such as undercutting. Alternative masking proc- 
esses to etching the conductive material with a photore- 
sist mask, such as "hard" masking with deposited oxide 
layers, introduce an unreasonable level of additional 

40 complexity into the overall process. Thus, conventional 
processing techniques of the type described above may 
not be adapted in a satisfactory manner to produce in- 
terconnects with lower resistivity metals, particularly 
with silver. Efforts are currently being directed to devel- 

45 oping processes for forming interconnects with copper, 
since silver is more expensive and less malleable than 
copper. Additionally, problems with silver migration in 
the presence of moisture are known in the art, making 
the use of silver unreliable. 

so [0008] It would be desirable to provide a processing 
method, and a resulting structure, which would permit 
the use of low resistivity metal interconnects in an inte- 
grated circuit. It would further be desirable for a method 
producing such low resistivity metal interconnects to be 

55 compatible with presently available processing tech- 
niques, and to be available without significantly adding 
to processing complexity. 

[0009] Silver interconnects are formed by etching 
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deep grooves into an insulating layer over the contact 
regions, exposing portions ol the contact regions and 
defining the interconnects The grooves are preferably 
etched with a truncated V- or U-shape. wider at the top 
than at any other vertical location and have a minimum 
width of 0.25 urn or less An optional adhesion layer and 
a barrier layer are sputtered onto surfaces of the groove, 
including the sidewalls. followec by sputter deposition 
of a seed layer. Where aluminum is employed as the 
seed layer, a zincating process may then be employed 
to promote adhesion of silver to the seed layer. The 
groove is then filled with silver by plating in a silver so- 
lution, or with silver and copper by plating in a copper 
solution followed by plating in a s>lver solution. The filled 
groove which results does not exhibit voids ordinarily re- 
sulting from sputter deposition ot metal into such narrow, 
deep grooves, although seams may be intermittently 
present in portions of the fillea groove where metal plat- 
ed from the opposing sidewalls did not fuse flawlessly 
at the point ol convergence. Portions ot the silver and 
other layers above the insulating material are then re- 
moved by chemical-mechanical polishing, leaving a sil- 
ver interconnect connected to the exposed portion of the 
contact region and extending over adjacent insulating 
regions to another contact region or a bond pad. Silver 
interconnects thus formed may have smaller cross-sec- 
tions, and thus a greater density in a given area, than 
conventional metallic interconnects. 
[0010] The novel features believed characteristic of 
the invention are set forth in the appended claims. The 
invention itself however as well as a preferred mode of 
use, and further objects and advantages thereof, will 
best be understood by reference to the following de- 
tailed description of an illustrative embodiment when 
read in conjunction with the accompanying drawings, 
wherein: 

Figures 1 A-1 H depict cross-sections for a process 
of forming silver interconnects in accordance with a 
preferred embodiment of the present invention; 

Figures 2A-2G are cross-sections for a process for 
forming silver interconnects in accordance with an 
exemplary embodiment of the present invention; 

Figures 3A-3C depict cross-sections for a process 
for forming silver interconnects in accordance with 
an alternative embodiment of the present invention; 

Figures 4A-4D are cross-sections for a process for 
forming copper and silver interconnects in accord- 
ance with an alternative embodiment of the present 
invention; and 

Figures 5A-5D are cross-sections for a typical 
process for forming aluminum metal or aluminum 
alloy interconnects in accordance with the known 
art. 



[0011] The process steps and structures described 
below do not form a complete process flow for manu- 
facturing integrated circuits. The present invention can 
be practiced in conjunction with integrated circuit fabri- 

5 cation techniques currently used in the art, and only so 
much of the commonly practiced process steps are in- 
cluded as are necessary for an understanding of the 
present invention. The figures representing cross-sec- 
tions of portions of an integrated circuit during fabrica- 
te tion are not drawn to scale, but instead are drawn so as 
to illustrate the important features of the invention. 
Moreover, although the exemplary embodiment de- 
scribed herein illustrates the present invention as ap- 
plied to contacts, the same processing techniques may 

15 also be applied to formation of interconnects and vias 
at levels of metallization above the first level. 
[0012] Figures 1 A through 1H depict cross-sections 
for a process of forming silver interconnects in accord- 
ance with a preferred embodiment of the present inven- 

20 ijon. The process begins with a plurality of devices hav- 
ing source/drain regions 120 and gates 122 and sepa- 
rated by isolation oxides 124, formed in substrate 102 
as illustrated in Figure 1A. An insulating layer 104 is 
formed over the devices and isolation regions, such as 

2S by depositing an undoped silicon oxide. A planarizing 
insulating material 106, for example, spin-on-glass, may 
then be formed as depicted in Figure 1 B to form a more 
planar upper surface for formation and patterning of 
subsequent layers. Insulating layers 104 and 106 are 

30 then selectively etched to form contact holes 108, illus- 
trated in Figure 1C, exposing contact regions for devic- 
es within substrate 1 02. Contact holes 108 are then filled 
with conductive material, for example, tungsten, to form 
conductive plugs 110 as depicted in Figure 1D, which 

35 will electrically connect the contact regions of devices 
within substrate 102 to subsequently formed intercon- 
nects. 

[0013] The processes for completing the steps illus- 
trated in Figures 1 A through 1 D are well-known to those 

40 skilled in the art. Interconnects connecting conductive 
plugs 110 to other devices or input/output pads are sub- 
sequently formed by a "damascene" or groove-filling 
process depicted in Figure 1E through 1H. In the da- 
mascene process, long used to inlay precious metals in 

45 the fabrication of jewelry, a trench is formed and filled 
with a metal, then polished flush to form a smooth sur- 
face. As adapted for application in the semiconductor 
industry, the damascene method entails covering the 
substrate surface, including transistors and other devic- 

50 es formed on the wafer, with a dielectric layer such as 
oxide. A patterned photoresist is then formed using 
high-resolution photolithography, the resist including 
holes whero contacts or vias are to be formed and elon- 
gated openings defining interconnect lines. The dielec- 

55 trie is then etched, masked by the resist, to form 
grooves. These grooves are filled with metal by depos- 
iting a metal layer, and the metal layer is etched back to 
leave a conductive wiring pattern within the dielectric 
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grooves separated by dielectric in the interwiring spac- 
es. 

[0014] An insulating layer 112 is formed over sub- 
strate 102, on insulating layers 104 and 106 and con- 
ductive plugs 11 0, as illustrated in Figure 1 E. Insulating 5 
layer 112 may be, for example, an undoped, deposited 
oxide. Insulating layer 112 is then patterned and selec- 
tively etched to form grooves 11 4, as depicted in Figure 
1F. Grooves 114, shown in their smallest cross-section 
in Figure 1F, expose a portion of conductive plugs 110 10 
and extend over insulating layers 104 and 106 from one 
conductive plug to another conductive plug contacting 
a different device or an input/output pad, defining the 
paths of the interconnects which will be formed within 
grooves 114. Grooves 114, in their narrowest portions 
of the cross-section, have a width of less than 0.25 urn 
and preferably approximately 0.18 u.m, and height-to- 
width aspect ratios of at least 2-to-l , and preferably on 
the order of 3-to-1 or 4-to-1 , up to or exceeding 5-to-1. 
Grooves 114 have a truncated V- or U-shaped cross- 20 
section. 

[0015] A conformal layer of silver 116 is then formed 
by plating over insulating layer 112 and within grooves 
114, as illustrated in Figure 1G, filling grooves 114. Ei- 
ther electroplating, in which an electrode is connected 2$ 
to substrate 102, or electroless plating may be utilized. 
Portions of silver layer 116 above insulating layer 112 
are then removed, such as by chemical-mechanical pol- 
ishing (CMP), as depicted in Figure 1H. This leaves sil- 
ver interconnects 118 within grooves 114 between ad- 30 
jacent portions of insulating material 112. The resultant 
interconnects, formed by CMP removal of upper por- 
tions of silver layer 116 above insulating layer 112, will 
have a substantially planar upper surface. Since the re- 
sistivity of silver is significantly lower than aluminum, the 35 
minimum width of interconnects 118 is limited only by 
the minimum line widths of commercial photolithograph- 
ic processes suitable for patterning insulating layer 1 1 2, 
plus any additional width resulting from etching grooves 
114 within insulating layer 112. This allows intercon- 40 
nects with a narrower cross-section to be formed, and 
also permits a higher density of interconnects within a 
given area. 

[0016] Referring now to Figures 2 A through 2G, 
cross-sections illustrating a process for forming inter- <*$ 
connects in accordance with an exemplary embodiment 
of the present invention are shown. In the process de- 
picted, a substantially conformal silver layer is formed 
over a grooved insulating layer and within the grooves 
by plating, as illustrated above in Figure 1G. The proc- so 
ess begins, as depicted in Figure 2A, by formation of 
insulating layer 112 over a substrate as previously de- 
scribed. Insulating layer 112 may be an oxide formed, 
for example, by oxidation of tetraethylorthosilicate (TE- 
OS) in accordance with the known art, or by other dep- 55 
osition techniques. 

[0017] Insulating layer 112 is patterned and etched to 
form groove 114 having a minimum width-that is, the 



width at the narrowest point of the cross-section cutting 
across the breadth of groove 114-of 0.25 urn or less. 
The minimum width of groove 114 which is suitable for 
the present invention is limited by the ability to etch 
trenches or groove 114 within insulating layer 112 to the 
desired width. Groove 114 preferably has a minimum 
width of approximately 0.18 jam or less. Groove 114 is 
a "deep" groove, i.e., having a height-to-width aspect 
ratio in excess of 2-to-l and preferably of at least ap- 
proximately 4-to-1 . Groove 114 defines the path of the 
silver interconnect which will be subsequently formed. 
Accordingly, groove 114 may be etched to run for a sub- 
stantial distance across, or for the entire length of, a die 
containing the integrated circuit for which interconnects 
are desired, and may include changes in lateral direction 
as necessary. One or more sections of groove 114 may 
expose a contact region within the-substrate below in- 
sulating layer 112. 

[0018] Groove 114 in accordance with the present in- 
vention is preferably etched with a truncated V- or U- 
shaped cross-section, with the top of the cross-section 
being wider than the bottom. Conventional intercon- 
nects formed patterning and etching aluminum layers 
as described earlier are typically wider in a middle por- 
tion of the cross-section than at the top or bottom por- 
tions of the cross-section. In the present invention, how- 
ever, groove 1 1 4 is preferably narrowest at a bottom por- 
tion 114a, and slightly wider at a top portion 114b. For 
example, if groove 114a is 0.25 u.m wide at the narrow- 
est, bottom portion 114a. the groove width may be ap- 
proximately 0. 30 ujti at the top portion 1 1 4a, without be- 
ing any wider in the intervening portions. The lip 114c 
of groove 114may be "battered' 1 or sloped, as illustrated 
in the exemplary embodiment. Suitable processes for 
forming grooves having the indicated features and di- 
mensions are known in the art and may include, for ex- 
ample, an anisotropic etch followed by an isotropic etch. 
[001 9] Following formation of groove 114 defining the 
interconnect path, an optional adhesion layer 202 may 
be formed over insulating layer 11 2 and on the sidewalls 
and bottom of groove 114, as depicted in Figure 2C. 
Adhesion layer 202 is preferably reactively sputtered ti- 
tanium (Ti), although tantalum (Ta) or other suitable ma- 
terials selected to promote adhesion between insulating 
layer 112 and subsequently formed layers may be em- 
ployed. Adhesion layer 202 is preferably formed to a 
thickness of at least approximately 200 to 300 A. Al- 
though a thinner adhesion layer may be sufficient to pro- 
mote adhesion as desired, sputter deposited layers suf- 
fer from a well known line-of-sight limitation which re- 
sults in the deposited material being thinner on surfaces 
which are, at least to some extent, parallel to the direc- 
tion in which the sputtered material travels, and relative- 
ly thicker on surfaces substantially perpendicular to that 
direction. Thus, adhesion layer 202 may be thinner on 
the sidewalls of groove 114 than on the bottom of groove 
114 or on the upper surface of insulating layer 112. For- 
mation of adhesion layer 202 to a thickness of up to 
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about 300 A provides some level of certainty that the 
sidewalls of groove 114 will be covered with an ade- 
quate thickness. Thicker layers are undesirable as un- 
necessarily filling a portion of the limited width of groove 
114. 

[0020] Following formation of adhesion layer 202 (if 
formed), a barrier layer 204 is formed over adhesion lay- 
er 202 above insulating layer 112 and on the surfaces 
within groove 114, including the sidewatls as well as the 
bottom. Barrier layer 204 prevents subsequently formed 
metallic materials from contaminating insulating layer 
112. Barrier layer 204 is preferably titanium nitride (TiN) 
reactively sputtered on top of adhesion layer 202, al- 
though other suitable barrier materials such as tantalum 
nitride (TaN), silicon nitride (SN), or titanium silicon ni- 
tride (TiSN) may alternatively be employed. For the rea- 
sons described above with respect to sputtered adhe- 
sion layer 202, barrier layer 204 is preferably formed to 
a thickness of at least approximately 200 to 300 A. 
[0021] After formation ol barrier layer 204 over insu- 
lating layer 112 and within groove 114, a seed layer 206 
is formed over barrier layer 204 as illustrated in Figure 
2E. Seed layer 206 is a conductive, preferably metallic 
layer to which an electrode is connected for the electro- 
plating processes described below. In the exemplary 
embodiment, seed layer 206 is preferably sputter de- 
posited silver. Like adhesion layer 202 and barrier layer 
204, and for similar reasons, seed layer 206 is prefera- 
bly formed to a thickness of at least about 200 to 300 A. 
Although thicker seed layers may readily be formed by 
sputter deposition, it is desirable to avoid filling groove 
114 to any unnecessary degree. Sputter deposition, 
which suffers from the limitations described above, may 
form thicker silver layers over the groove sidewalls in 
upper portion 114b of groove 114 than in lower portion 
114a. Other processes, such as electroplating as de- 
scribed in further detail below, form silver layers on the 
sidewalls of groove 114 with uniformly increasing thick- 
ness in both upper and lower portions 114b and 114a, 
creating less likelihood that voids will result within the 
body of the filled groove/interconnect. Furthermore, 
sputter deposition consumes a disproportionate amount 
of expensive silver material in forming a given layer 
thickness, with a lower recovery or reclamation rate, and 
thus is inefficient when compared to other methods of 
forming silver within groove 114, such as the electroplat- 
ing processes described below. 

[0022] After formation of seed layer 206, a conformal 
silver layer 208 is formed over insulating layer 112 and 
within groove 114 by plating, as depicted in Figures 2F 
and 2G. An electroplating process is preferably em- 
ployed. In an example of a suitable electroplating proc- 
ess, an anode is connected to seed layer 206, with the 
cathode immersed in a silver solution. The substrate is 
immersed in one or two-preferably two-strike baths 
(short duration immersions) for a period of approximate- 
ly 10 seconds lor each strike bath. Both strike baths em- 
ploy an immersion solution containing between 1 and 



5.3 g/l (grams/liter) of silver cyanide and between 67.5 
and 90 g/l of sodium cyanide at a temperature of ap- 
proximately 27° C, with a current density of approximate- 
ly 1 .5-2.5 A/dm 2 at 6 volts being passed between the 
5 electrodes through the solution. The substrate is then 
immersed in a silver solution containing approximately 
30 g/l of silver cyanide, 56 g/l of potassium cyanide, 45 
g/l of potassium carbonate, and 41 g/l of free potassium 
cyanide at a temperature of 27°C with a current density 
10 of 0.5 A/dm 2 . The substrate remains immersed until the 
desired thickness of silver is obtained. 
[0023] During the electroplating process described, 
silver "grows" from seed layer 206 by the attachment or 
fusing of silver from the solution to seed layer 206. Since 
seed layer 206 is also silver in the exemplary embodi- 
ment, conformal silver layer 208 simply subsumes the 
seed layer. Silver layer 208, shown in Figure 2F at an 
intermediate stage before groove 114 becomes filled, 
increases in thickness uniformly over the surface above 
insulating material 112, the sidewalls of groove 114, and 
the bottom of groove 114. Silver layer 208 is formed to 
a thickness at least as great as Vi the maximum width 
of the unfilled portion of groove 114. A thickness of be- 
tween approximately 0.2 to 0.3 |im is more than suffi- 
cient in the exemplary embodiment, although a thick- 
ness less than about 0.2 ujti may be suitable for silver 
layer 208 if groove 114 has a minimum width of 0.25 u.m 
and a maximum width of 0.3 u.m as described above. If 
groove 1 14 has a minimum width of 0. 1 8 urn, a thickness 
of less than 0.15 u.m is likely to be adequate. 
[0024] Groove 114 is thus filled by silver plating from 
the sidewalls and bottom of groove 114 and fusing at 
the points of convergence, although seams may be in- 
termittently present in portions of the filled groove where 
metal plated from opposite sidewalls did not fuse flaw- 
lessly. Such seams are unlikely to include detectable 
voids or impact the conductivity of the interconnect to 
be formed from the filled groove. The interconnect will 
be formed by removal of the portions 212 of silver layer 
208, barrier layer 204, and adhesion layer 202 above 
the upper surface of insulating layer 112, for example, 
by CMP, leaving the portion of silver layer 208 filling 
groove 114 as the interconnect. This interconnect will 
have a lower resistivity than conventional metallic inter- 
connects, and therefore may have the dimensions de- 
scribed above without effecting the voltages required for 
driving signals on the interconnect. Interconnects 
formed of aluminum, which has a resistivity of about 2.7 
u,C2-cm require larger cross-sections than interconnects 
utilizing lower resistivity metals, such as copper (1 .7-1.8 
(iO-cm) or stiver (1 .2-1 .5 nU-cm). 
[0025] Silver also has advantages over the use of 
copper in forming interconnects. For instance, silver is 
more thermally stable than copper, thus making silver 
more resistant to oxidation. Although silver migration in 
the presence of moisture, making use of silver unrelia- 
ble, is a problem known to those in the art, current sem- 
iconductor processing techniques keep moisture out, 
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thus eliminating the problem of silver migration. Silver 
also has a much slower diffusion rate than copper, thus 
creating a more reliable contact to a silicon substrate or 
polysilicon landing pad. Additionally, elect romig rat ion is 
believed to be less of a problem with silver than with 
copper. 

[0026] With reference to Figures 3A through 3C, 
cross-sections are depicted for a process for forming sil- 
ver interconnects in accordance with an alternative em- 
bodiment of the present invention. The alternative proc- 
ess follows the process described above up to the point 
of forming the seed layer before diverging from the proc- 
ess described in connection with Figures 2 A-2G above. 
The unique portion of the alternative process thus be- 
gins with groove 1 1 4 etched into insulating layer 1 1 2 and 
having adhesion layer 202 and barrier layer 204 depos- 
ited over insulating layer 112 and on the sidewalls and 
bottom of groove 114, as depicted in Figure 3 A. Seed 
layer 302 is sputter deposited over adhesion layer 204 
to a thickness of at least about 200 to 300 A, but in the 
alternative embodiment seed layer 302 is aluminum 
rather than silver. Aluminum sputter targets for reactive- 
ly sputtering aluminum are more readily available than 
silver sputter targets. Additionally, as described above, 
sputter deposition of silver is inefficient and poorly suited 
for recovery or reclamation of silver as compared tooth- 
er silver deposition processes. Aluminum is much 
cheaper than silver, so that recovery/reclamation is not 
a significant concern. 

[0027] To obtain good adhesion when plating on alu- 
minum, it is usually necessary to start with a pre-coat of 
zinc or other similar metal (e.g., tin). Plating on alumi- 
num is typically carried out on top of chemically depos- 
ited zinc produced by immersion in zincate solutions. 
Such zincate processes are relatively simple, cheap, 
and reliable methods for plating on aluminum or alumi- 
num alloys. Zincate processes are less sensitive to alloy 
composition than alternative processes based on ano- 
dizing pretreatments, and do not require the power nec- 
essary for anodizing. Furthermore, zincate processes 
are significantly less expensive than alternative stan- 
nate (tin) processes. A suitable zincate process involves 
electroless plating through the dissolution of aluminum 
seed layer 302 and the deposition of zinc layer 304 in 
its place, as illustrated in Figure 3B. The basic chemical 
reaction involves formation of aluminum hydroxide (Al 
(OH) 3 ) from aluminum in the anodic reaction and forma- 
tion of zinc from zinc hydroxide (Zn(OH) 4 ) in the cathod- 
ic reaction. The substrate is immersed in a strong alka- 
line zincate solution containing zinc hydroxide, normally 
made up of zinc oxide and caustic soda. The ratio of 
these constituents may effect the adhesion of subse- 
quently plated material, as may the physical conditions 
and the time and temperature of the immersion during 
zincating. The presence of copper in the zincating solu- 
tion assists adhesion of some alloys during subsequent 
plating, and substitution of zinc sulphate for zinc oxide 
may also be beneficial. 



[0028] The zincating process need only proceed until 
a small portion of the aluminum is dissolved and re- 
placed by zinc coating 304. Once aluminum seed layer 
302 is pretreated to form zinc coating 304, the substrate 
may then be electroplated using the process described 
above to form conformal silver layer 208, as depicted in 
Figure 3C. Conformal silver layer 208 is formed to a 
thickness preferably not more than about 0.25 to 0.30 
urn Formation of conformal stiver layer 208 progresses 
uniformly from seed layer 302 and accompanying zinc 
coating 304 as described earlier, filling groove 114 with- 
out significant potential for bridging or voids within the 
filled groove 114. Portions of conformal silver layer 208, 
zinc coating 304, and aluminum seed layer 302 lying 
above insulating layer 112 are removed, for example, 
by CMP to leave a silver interconnect within groove 1 1 4. 
[0029] Referring to Figures 4A -through 4D, cross- 
sections illustrating a process for forming copper and 
silver interconnects in accordance with an alternative 
embodiment of the present invention are shown. As with 
the alternative process of Figures 3A-3C, the instant 
alternative process follows the steps described above 
in connection with Figures 2A-2G up to the point of 
forming the seed layer. The unique portion of the instant 
alternative process again begins with groove 114 etched 
into insulating layer 112 and having adhesion layer 202 
and barrier layer 204 deposited over insulating layer 112 
and on the sidewalls and bottom of groove 114, as de- 
picted in Figure 4A. 

[0030] As with the alternative process depicted in Fig- 
ures 3A-3C, an aluminum seed layer 302 is sputter de- 
posited over adhesion layer 204 to a thickness of about 
200 to 300 A : as depicted in Figure 3A. The zincating 
process is again employed to pre-treat aluminum seed 
layer 302, forming zinc coating 304, as illustrated in Fig- 
ure 4B. However, the zincating process preferably in- 
cludes a chelating agent and approximately 6 g/l of cop- 
per. In this alternative, the electroplating process to fill 
groove 114 begins with electroplating in a copper solu- 
tion to form conformal copper layer 402 over insulating 
layer 112 and within groove 114, as depicted in Figure 
4C. Copper may be plated directly onto zinc coating 304 
using, for example, a cyanide copper solution or a cop- 
per pyrophosphate solution. The presence of copper 
within the alkaline zincating solution as described is de- 
sirable where a copper pyrophosphate bath is employed 
for copper plating. Any increase in the resistivity of the 
zinc/aluminum/silver interconnect or the zinc/copper/ 
aluminum interconnect should be negligible over the sil- 
ver interconnect. 

[0031] A suitable process for copper plating using a 
copper pyrophosphate solution involves immersion of 
the substrate in a solution containing approximately 210 
g/l of phosphate (as P 2 0 7 ), approximately 30 g/l of cop- 
per (as Cu), and approximately 3 g/l of ammonia (as 
NH 3 ). The solution is operated at a temperature of be- 
tween about 40°C and 60°C. with a pH between about 
7 5 and 8.5, and a current density of approximately 2-4 
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A/dm 2 , with air agitation. A tendency for the pH of the 
solution to rise may occur as a result of drag-in (transfer 
of constituents) from the zincate solution, but may be 
corrected by the addition of dilute tartaric acid. High pH 
may lead to blistering (formation of bubbles) of the de- $ 
posited copper, as may high free-cyanide content in cy- 
anide copper solutions and high operating tempera- 
tures. 

[0032] While copper has a higher resistivity than sil- 
ver, it is also less expensive than silver. Interconnects 10 
formed with appropriate copper/silver metal combina- 
tions may have an acceptable total resistivity. In fact : the 
resistivity may not be much higher than the resistivity for 
the silver interconnect, thus, still achieving smaller 
cross-sections and higher densities than conventional is 
metal (aluminum) interconnects. Thus., conformal cop- 
per layer 402 may be formed to a thickness occupying 
up to, but preferably not exceeding, two-thirds of the 
space remaining within groove 114 when plating is per- 
formed. Thus, for example, if groove 114 is etched with 20 
a maximum width of 0.30 urn and adhesion layer 202, 
barrier layer 204, and aluminum seed layer 302/zinc 
coating 304 each are formed to a thickness of 200 A 
(leaving space having a width of 0. 18 (am within groove 
114), conformal copper layer 402 may be formed to a 2s 
thickness of up to about 600 A. Following formation of 
conformal copper layer 402, a conformal silver layer 208 
is formed by electroplating as described above to fill the 
remaining space within groove 114. In this alternative, 
conformal silver layer 208 is formed to a thickness of at 30 
least 600 A where groove 1 1 4 is etched with a maximum 
width of 0.30 u^n as previously described, and may be 
formed to a thickness of 800 to 1 ,000 A to insure that 
groove 114 will be completely filled. 
[0033] Portions of conformal layer 208, copper layer 35 
402 if any, seed layer 302, barrier layer 204, and adhe- 
sion layer 202 which are above the upper surface of in- 
sulating layer 112 are preferably removed to leave the 
metal-filled groove as an interconnect. These portions 
may be removed by wet etch, dry etch, CMP, or any com- 40 
bination of the processes which may be suitable for a 
particular process flow. 

[0034] Although the embodiments described above 
employ electroplating, electroless plating may also be 
utilized for forming the conformal silver or copper layers. *s 
With electroplating, also referred to as "electrolytic plat- 
ing, " typically larger plated layer thicknesses are formed 
at sharp edges and corners and thinner thicknesses are 
formed within shielded areas and recesses using elec- 
troplating processes. With electroless plating, the plated so 
layer thickness is generally uniform regardless of the 
profile geometry of the surface being plated. Thus, the '* 
uniformity of the plated layer thickness depends upon 
both the plating method employed and the profile geom- 
etry of the surface being plated. Electroless plating may 55 
be employed in the present invention, provided solu- 
tions furnishing the appropriate anodic and cathodic re- 
actions are employed. However, electroplating is capa- 



ble of plating a layer to a desired thickness faster than 
electroless plating. Furthermore, for the dimensions in- 
volved in the present invention, plated layer thickness 
variations resulting from electroplating are within ac- 
ceptable tolerances, and should not affect the ability of 
electroplating to completely fill the etched grooves with- 
out bridging or leaving voids within the interconnect 
body. 

[0035] The present invention provides a process for 
forming interconnects with metals having lower resistiv- 
ity than the aluminum or aluminum alloys conventional 
employed for interconnects. Thus, interconnects having 
a smaller cross -sectional area may be formed and still 
provide satisfactory signal transmission. In turn, smaller 
cross-sections allow a higher density of interconnects 
to be formed on an integrate circuit die having a given 
size. The process of the present invention for forming 
interconnects is compatible with customary practices for 
forming other features of an integrated circuit. Thus, 
lower resistivity interconnects having a higher density 
may be readily formed on conventional integrated cir- 
cuits by the present invention. 

[0036] While the invention has been particularly 
shown and described with reference to a preferred em- 
bodiment, it will be understood by those skilled in the art 
that various changes in form and detail may be made 
therein without departing from the spirit and scope of the 
invention. 



Claims 

1. A method of forming interconnects in an integrated 
circuit, comprising: 

forming a dielectric layer over a substrate; 
forming a groove for an interconnect in the di- 
electric layer; 

plating the substrate with silver to form a con- 
formal silver layer on an upper surface of the 
dielectric layer and on sidewalls of the groove, 
filling an unfilled portion of the groove; and 
removing portions of the conformal silver layer 
on the dielectric layer, leaving a silver intercon- 
nect within the groove. 

2. The method of claim 1 , wherein the step of forming 
a groove for an interconnect in the dielectric layer 
further comprises: 

forming a groove having a portion extending 
completely through a thickness of the dielectric 
layer. 

3. The method of claim 1 or claim 2 wherein the step 
of plating the substrate with silver further compris- 
es: 
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electroplating the substrate by connecting an 
electrode to the substrate and immersing the 
substrate in a silver solution. 

4. The method of claim 1 , further comprising: s 

prior to plating the substrate, forming an adhe- 
sion layer on the upper surface of the dielectric 
layer, on sidewalls of the groove, and on a bot- 
tom of the groove to a thickness of approxi- io 
mately 200 A. 

5. The method of claim 1 , further comprising: 

prior to plating the substrate, forming a barrier is 
layer over the upper surface of the dielectric 
layer, over sidewalls of the groove, and over a 
bottom of the groove to a thickness of approx- 
imately 200 A. 

20 

6. The method of claim 1 , further comprising: 

prior to plating the substrate, forming a silver 
seed layer over the upper surface of the dielec- 
tric layer, over sidewalls of the groove, and over 25 
a bottom of the groove to a thickness of approx- 
imately 200 A. 



posed portion of the contact region. 

9. The method of claim 3. further comprising: 

forming an adhesion layer on the oxide and on 
surfaces within the groove; 
forming a barrier layer on the adhesion layer 
over the oxide and over the surfaces within the 
groove; and 

forming a seed layer on the barrier layer over 
the oxide and over the surfaces within the 
groove. 

10. The method of claim 9, wherein the step of forming 
an adhesion layer further comprises: 

• forming a titanium layer on the oxide and on the 
surfaces within the groove to a thickness of ap- 
proximately 200 A. 

11. The method of claim 9, wherein the step of forming 
a barrier layer further comprises: 

forming a titanium nitride layer on the adhesion 
layer over the oxide and over the surfaces with- 
in the groove to a thickness of approximately 
200 A. 



7. The method of claim 1 , further comprising: 

prior to plating the substrate: 

forming an aluminum seed layer over the 
upper surface of the dielectric layer, over 
sidewalls of the groove, and over a bottom 
of the groove to a thickness of approxi- 
mately 200 A; and 

zincating the substrate to form a zinc coat- 
ing on the aluminum seed layer. 

8. A method of forming interconnects in an integrated 
circuit, comprising: 

forming an oxide over a substrate including a 
contact region; 

etching a groove for an interconnect through 
the oxide extending at least in part over the con- 
tact region and exposing a portion of the con- 
tact region; 

plating the substrate with silver to form a con- 
formal silver layer on an upper surface of the 
oxide and within the groove, filling an unfilled 
portion of the groove and electrically contacting 
the exposed portion of the contact region; and 
etching the substrate to remove portions ol the 
conformal silver layer above the oxide, leaving 
an interconnect composed at least partially of 
silver within the groove in contact with the ex- 
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12. The method of claim 9, wherein the step of forming 
a seed layer further comprises: 

forming a silver layer on the barrier layer over 
the oxide and over the surfaces within the 
groove to a thickness of approximately 200 A. 

13. The method of claim 9, wherein the step of forming 
a seed layer further comprises: 

sputter depositing silver to form the seed layer. 

14. The method of claim 9, wherein the step of forming 
a seed layer further comprises: 

sputter depositing aluminum to form the seed 
layer; and 

zincating the substrate to form a zinc coating 
on the aluminum seed layer. 

15. The method of claim 14, further comprising: 

after forming the seed layer and prior to plating 
the substrate with silver, plating the substrate 
with copper to form a conformal copper layer 
on the seed layer, over the oxide and over the 
surfaces within the groove, leaving at least a 
portion of the groove unfilled. 

16. The method of claim 1 4, wherein the step of etching 
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a groove for an interconnect further comprises: 

etching a groove having a minimum width of ap- 
proximately 0.25 urn. 

17. , The method of claim 14, wherein the step of plating 
the substrate with silver further comprises: 

immersing the substrate, twice for a duration of 
about 10 seconds each time, in a first solution 
containing between 1 and 5.3 g/l of silver cya- 
nide and between 67.5 and 90 g/l of sodium cy- 
anide at a temperature of approximately 27°C, 
with a current density of approximately 1 .5-2.5 
A/dm 2 at 6 volts being passed through the so- 
lution; and 

immersing the substrate in a first solution con- 
taining approximately 30 g/l of silver cyanide, 
56 g/l of potassium cyanide, 45 g/l of potassium 
carbonate, and 41 g/l of free potassium cyanide 
at a temperature of 27° C with a current density 
of 0.5 A/dm 2 being passed through the solution. 

18. The method of claim 1 7, wherein the step of plating 
the substrate with silver further comprises: 

prior to immersing the substrate in the first and 
second solutions, immersing the substrate in a 
solution containing zinc hydroxide. 

19. The method of claim 13, wherein the step of plating 
the substrate with silver further comprises: 

prior to immersing the substrate in the first and 
second solutions, immersing the substrate in a 
solution containing approximately 210 g/l of 
phosphate, approximately 30 g/l of copper, and 
approximately 3 g/l of ammonia operated at a 
temperature of between about 40°C and 60°C 
with a pH between about 7.5 and 8.5 and a cur- 
rent density of approximately 24 A/dm 2 . 

20. A structure of a portion of an integrated circuit, com- 
prising: 

a dielectric layer over a substrate; 
a groove extending into the dielectric layer from 
an upper surface of the dielectric layer and de- 
fining a path for an interconnect; and 
silver filling at least a portion of the groove to 
form the interconnect. 

21 . The structure of claim 20, wherein the dielectric lay- 
er is oxide. 

22. The structure of claim 20, wherein the groove has 
a maximum width of 0.30 urn. 



23. The structure of claim 20, wherein the groove ex- 
tends completely through a thickness of the dielec- 
tric layer. 

24. The structure of claim 20, wherein the groove is 
formed over a contact region within the substrate 
and exposes a portion of the substrate. 

25. The structure of claim 20, wherein the groove is 
formed over a contact region within the substrate 
and exposes a portion of the substrate. 

26. The structure of claim 20, further comprising: 

an adhesion layer having a thickness of approx- 
imately 200 A between sidewalls and a bottom 
of the groove and the silver. 

27. The structure of claim 20, further comprising: 

a barrier layer having a thickness of approxi- 
mately 200 A between sidewalls and a bottom 
of the groove and the silver. 



25 28. The structure of claim 20, further comprising: 

a seed layer having a thickness of approximate- 
ly 200 A between sidewalls and a bottom of the 
groove and the silver. 
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29. The structure of claim 28, wherein the seed layer 
comprises silver. 

30. The structure of claim 28, wherein the seed layer 
comprises aluminum having a zinc coating. 

31 . A structure of a portion of an integrated circuit, com- 
prising: 

an oxide over a substrate including a contact 
region; 

a groove extending through the oxide at least 
in part over the contact region, exposing a por- 
tion of the contact region and defining a path 
for an interconnect; and 
silver filling at least a portion of the groove to 
form the interconnect. 

32. The structure of claim 20 or claim 31 , wherein the 
groove has a minimum width of about 0.25 u.m or 
0.1 Sum 

33. The structure of claim 20 or 32. wherein the groove 
is a deep groove having a height-to-width aspect 
ratio greater than 2-to-1 . 

34. The structure of claim 20 or 31 . wherein the groove 
has a truncated V-shaped cross-section. 
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35. The structure of claim 31, further comprising: 

a titanium adhesion layer having a thickness of 
approximately 200 A on the sidewalls of the 
groove between the oxide and the silver and on s 
a bottom of the groove between the substrate 
and the silver; and 

a titanium nitride barrier layer having a thick- 
ness of approximately 200 A between the ad- 
hesion layer and the silver. 10 

36. The structure of claim 35, further comprising: 

an aluminum seed layer with a zinc coating hav- 
ing a combined thickness of approximately 200 is 
A between the barrier layer and the silver 

37. The structure of claim 36, further comprising: 

a copper layer between the zinc-coated seed 20 
layer and the silver. 

38. The structure of claim 37, wherein the copper layer 
has a thickness of approximately 600 A. 

25 

39. An intermediate structure of a portion of an integrat- 
ed circuit, comprising: 

an oxide over a substrate including a contact 
region; 30 
a groove extending through the oxide at least 
in part over the contact region, exposing a por- 
tion of the contact region and defining a path 
for an interconnect; and 

silver over the oxide and within the groove, fill- 35 
ing at least a portion of the groove to form the 
interconnect. 

40. The structure of claim 20 or claim 39, wherein the 
silver has a seam at a point of convergence for silver 40 
plated from opposing sidewalls of the groove. 

41. The structure of claim 40. further comprising: 

a titanium adhesion layer having a thickness of *s 
approximately 200 A on the sidewalls of the 
groove between the oxide and the silver and on 
a bottom of the groove between the substrate 
and the silver; 

a titanium nitride barrier layer having a thick- so 
ness of approximately 200 A between the ad- 
hesion layer and the silver; 
an aluminum seed layer with a zinc coating hav- 
ing a combined thickness of approximately 200 
A between the barrier layer and the silver; and 55 
a copper layer having a thickness of approxi- 
mately 600 A between the *zinc-coated seed 
layer and the silver. 



„0973l95Al \ 



10 



EP 0 973 195 A1 




Figure 1A 



106 106 1.06 106 




102 

Figure 1B 




102 

Figure 1C 




102 



Figure 1 D 



11 

SDOCID <EP_ 0973195AI J_> 



EP 0 973 195 A1 



112 

/ 




-106 



124 120 110 120 



110 120 124 120 HQT120 

Figure 1E ~~ 



T 
124 




124 120 ^0 120 110 120 124 120 110 120 124 

102 



Figure 1F 



124 120 110 120 



110 120 124 120 110 ri2O 



T 
124 



Figure 1G 



"l24 120vio 2 120 12 1 2 10M20 124 120 lirj^O 

Figure 1 H m 



T 
124 



-106 




-106 




-106 



SDOCID- <£P 0973195A 1 J. > 



12 



EP 0 973 195 A1 



114 
i 

114c 114C 



114b 



112 



112 



114a 



Figure 2A 



Figure 2B 



114 



202 



114b 



112 



114a 



1— 



Figure 2C 



204 



202 




114 



114b 



114a 




/ 202 



112 



Figure 2D 



13 



.3DOCID <EP 0973195A1 J > 



EP 0 973 195 A1 




EP0 973 195 A1 




Figure 3A Figure 3B 




15 



EP 0 973 195 A1 





5DOCID <EP ^OS73)95Al ! 



16 



EP 0 973 195 A1 



508 




L510 



508 



J- 



Figure 5A 504 
(Prior art) 




Figure 5B §w 
(Prior art) 



510," 



508 



512 
514 



S=7 




512 

514 



"506 v - 



7< 



y=5 



512 
514 




-_510 



508 



Figure 5C 
(Prior art) 



504 



516 



514 



514 



514 



510. 




_510 



Figure 5D 
(Prior art) 



504 



500CID <EP_0973195A1 I > 



17 



EP 0 973 195 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 30 4867 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation cJ oocumenl with indication, where appropriate. 
o* relevant passages 



EP 0 628 998 A (EBARA CORP ; TOKYO SHIBAURA 

ELECTRIC CO (JP>) 

14 December 1994 (1994-12-14) 

* column 1, line 37 - column 2, line 19 * 

* column 3, line 9 - line 42 * 

* column 5. line 7 - column 6, line 30;- 
claims 2,4-6,8; figures 2A-D * 

US 5 739 579 A (CHIANG CHIEN ET AL ) 
14 April 1993 (1998-04-14) 



* column 5, line 40 - column 6, line 65 * 
,* column 17, line 52 - column 20, line 23; 
figures 22-24 * 

US 5 627 102 A (KATAGIRI T0M0HARU ET AL) 
6 May 1997 (1997-05-06) 



* column 8, line 21 - column 9, line 5 * 



!* column 14, line 60 - column 15, line 13 

!* 

j* column 17, line 48 - line 53; figures 
! 3A-E * 



Re >e vara 
to claim 



1,3-5,8, 

20.21, 

26,27, 

31.39 

9,10 



I, 2,5,8 
20-23. 
27. 

31-33,39 

II, 16 



20,21, 

23.24, 

26.27, 

31,32 

1.2, 

8-11.16, 
35.41 



CLASSIFICATION OF THE 
APPLICATION (lnLCl.6) 



H01L21/768 
H01L21/288 
H01L23/532 



TECHNICAL FIELDS 
SEARCHED (lm.CI.8) 



H01L 



US 5 763 953 A (IIJIMA TAOASHI 
9 June 1998 (1998-06-09) 



ET AL) 



* column 7, line 50 - column 8, line 24 * 



* column 13, line 1 - line 56 * 

* column 14, line 33 - column 15, 
figures 5A-D,26A-F,30A-G * 



20-22, 
26-28, 
31,32,39 
1.4.5, { 
18-11.16,1 
135 



line 18; 



-/-- 



The present search report has oeen drawn up tor all claims 





Ptac* of s*arcn 


Dale 3< convtenon ol th« search 


E*a miner 




THE HAGUE 


17 September 1999 


M1cke, K 




CATEGORY OF CITED DOCUMENTS 


T ■ theofy or princple unae frying :re invention 






E «arter oat&rtt docunreit. bjt published on. or 


X 


particularly relevant tf ta*«n ale no 


aft«'th« filing data 




Y 


particularly relevant n ccmamed wi:h anotrer 


O : aocbmert cit&d in the aopttcat:on 




document o' tri« &am« category 


L docjm«nt ctt*<3 tcr other r«aaon» 


A 


technological Dackgraurd 






O 


ncn-vtr n*n disclosure 


& merrbar ol tti* same patent lamily, co*respondine 


P 


iritermed ate dDCtiT^N 


cocjment 





5DOCID <EE > _0973195A1J.> 



18 



EP 0 973 195 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Numb* 

EP 99 30 4867 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document wth indication, where appropriate. 
o) relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (IM.CU) 



X US 5 723 028 A (PORIS JAIME) 

|3 March 1996 (1998-03-03) 
A * column 2, line 66 - column 3, line 22 * 

i 

* column 6, line 17 - column 7, line 59; 
| figures 2,3,5,6, 7AB * 

A , US 3 808 47C A (KNIEPKAMP H) 
30 April 1974 (1974-04-30) 
t* column 3, line S3 - column 5, line 15; 
figures 5-13 * 



20,24,28 

1-3.5,8, 
9,11,15 



6,9.12. 
17.28,29 



The present search report has been crawn up tor all claims 



TECHNICAL FIELDS 
SEARCHED (lnt.CI-6> 





Place oJs*«(Cft 




Dat« ot conpt«non at \et<ch 






THE HAGUE 




17 September 1999 


Mi eke, K 




CATEGORY OF CITED DOCUMENTS 


T ■ theory or Dnncip e underiyr g "lvention 








E . earlier patent document. tat puoliihed or. or 


X 


pa -titular ly lelBvail .1 taker alone 




after the longdate 




Y 


parttcularv r«ievaii * combined with another 


O • document cited n the app. :ation 




■30cum»m 31 :pw sane category 




L ' docurreni ated to» otrer reasons 


A 


technological background 








O 


. nor— written disclosure 




& * rrerroer ot the sa-ne paten: tamiiy. corresponding 


P 


intermediate Jocumen: 




document 





.SOOCtD <EP„ 0973195A1 t > 



19 



EP 0 973 195 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 99 30 4867 



Tnis annex lists the patent family members relating to the paterit documents cited in the above -mentioned European search report. 
Tie members are as contained in the European Patent Office EDP tile on 

Tie European Patent Oflice is in no way liable for these particulars which are merely given tor the purpose of information. 

17-09-1999 



Patent document 




Publication 




Paten: family 


Publication 


cited in search report 




date 




INCH IUC1 \<>t 




EP 0628998 


A 


14-12-1994 


US 


5500559 A 


19-03-1996 








US 


5656542 A 


12-08-1997 








JP 


7130736 A 


19-05-1995 


US 5739579 


A 


14-04-1998 


US 


5612254 A 


18-03-1997 








US 


5817572 A 


06-10-1998 








GB 


2268329 A,B 


05-01-1994 








JP 


6069353 A 


11-03-1994 








SG 


42982 A 


17-10-1997 


US 5627102 


A 


06-05-1997 


JP 


6283440 A 


07-10-1994 








JP 


6333859 A 


02-12-1994 








JP 


7226387 A 


22-08-1995 


US 5763953 


A 


09-06-1998 


JP 


6204218 A 


22-07-1994 








JP 


6326102 A 


25-11-1994 








US 


5529954 A 


25-06-1996 








0E 


4400200 A 


07-07-1996 


US 5723028 


A 


03-03-1998 


US 


5368711 A 


29-11-1994 








US 


5256274 A 


26-10-1993 


US 3808470 


A 


30-04-1974 


DE 


2153889 A 


03-05-1973 








BE 


790652 A 


15-02-1973 








CA 


978660 A 


25-11-1975 








CH 


546482 A 


28-02-1974 








FR 


2158019 A 


08-06-1973 








GB 


1359780 A 


10-07-1974 








;T 


969931 B 


10-04-1974 


! 






JP 


48053674 A 


27-07-1973 








JP 


56030701 B 


16-07-1981 


i 






LU 


66376 A 


23-01-1973 


J 






NL 


7214432 A 


02-05-1973 








SE 


376115 B 


05-05-1975 





o 

i For more de:ails aoout this annex ■ see Ofticia. Journal ot the European Patent Office. No. 12/32 



20 



